Methods
The effect of HIV infection on maternal health, birth outcomes and infant health was analysed in two contemporary cohorts of HIV-uninfected and HIV-infected pregnant women from southern Mozambique. Pregnant women attending the first antenatal care visit were followed until one month after delivery. Antiretroviral therapy was administered based on CD4+T cell count and clinical stage. Maternal and neonatal morbidity and mortality, as well as pregnancy outcomes were assessed by mother's HIV status.
Results
A total of 1183 HIV-uninfected and 561 HIV-infected pregnant women were enrolled. HIVinfected women were more likely to have anaemia both at the first antenatal care visit and at delivery than HIV-uninfected women (71.5% versus 54.8% and 49.4% versus 40.6%, respectively, p<0.001). Incidence of hospital admissions during pregnancy was increased among HIV-infected women (RR, 2.04, [95%CI, 1.45; 2.86]; p<0.001). At delivery, 21% of HIV-infected women reported being on antiretroviral therapy, and 70% having received antiretroviral drugs for prevention of mother to child transmission of HIV. The risk of stillbirths was doubled in HIV-infected women (RR, 2.16 [95%CI 1.17; 3.96], p = 0.013). Foetal anaemia was also increased among infants born to HIV-infected women (10.6% versus 7.3%, PLOS 
Introduction
Approximately 37 million people were estimated to be living with HIV in the world at the end of 2015 [1] . The centre of the global pandemic is concentrated in sub-Saharan Africa (SSA), region that accounts for two thirds of the global total of new HIV infections. Women of reproductive age are disproportionately impacted by the infection which constitutes a significant cause of maternal morbidity and mortality [2] . Notably, it is estimated that every hour 50 women are infected with HIV in the world [3] . Besides, although antiretroviral (ARV) drugs have been rolled out free of charge through the public health system in recent years, their access is often limited and delayed leading to significant rates of mother-to child transmission (MTCT) of HIV [4] . Globally, the annual number of newly infected children in 2014 was 220 000 and the highest burden of them concentrated in SSA [1] . Maternal HIV infection in women who have not received antiretroviral therapy has been associated with adverse pregnancy outcomes such as preterm birth, low birth weight (LBW), small for gestational age (SGA) and stillbirth, especially in SSA [5] . Importantly, preterm birth constitutes the second world's leading cause of death in children under five years [6] . In 2010, it was estimated that 32Á4 million infants were born SGA in low-income and middle-income countries (27% of live births), of whom 10Á6 million infants were born at term and LBW [7] .
The effects of HIV infection in pregnancy have been mainly studied in high income countries, where both disease burden and health systems are significantly different compared with those in the African region [8] . Several studies conducted in SSA have reported that HIVinfected women are at increased risk of maternal anaemia and adverse pregnancy outcomes such as stillbirth, LBW and preterm new-borns [9] [10] [11] . In addition, children born to HIVinfected mothers are at increased risk of mortality regardless of their HIV infectious status [12] [13] [14] .
Establishing the impact of HIV infection on maternal and infant health is particularly challenging in SSA because of the presence of factors associated with both HIV infection and adverse pregnancy outcomes such as malnutrition, anaemia and other frequent concurrent infections such as syphilis and malaria [15] . It has been estimated that approximately one million pregnancies per year are co-infected with malaria and HIV in SSA [16] . Because of the presence of the aforementioned confounding factors it is likely that the impact of HIV infection on pregnancy outcomes is more significant in women from low income countries compared to those from developed regions [15] . This work attempts to contribute to the knowledge of the effects of maternal HIV infection on pregnancy outcomes and infant's health in SSA countries after a decade of ARV drugs roll-out.
Mozambique is one of the sub-Saharan countries that concentrates the highest burden of HIV infection with approximately 1.5 million people living with HIV in 2015 [17] . Official estimates from the first national survey estimated a HIV prevalence in 2009 of 15% (95%CI 13.9;16) in individuals aged 15-49 years old, reaching over 19% in the southern region of the country [18] . As in neighbouring countries, Mozambican women of reproductive age carry the brunt of the disease, with an HIV prevalence among pregnant women of nearly 30% in some areas of the country [19, 20] . In 2013 the country adopted the latest WHO guidelines to prevent MTCT of HIV of providing life-long ARVs to pregnant women regardless of their immunological status (option B+) [21] . Given the high HIV burden in women of reproductive age it becomes critical to determine its impact on both maternal and infant's health to help guiding intervention strategies. Importantly, limited data exist on epidemiological features of maternal HIV infection since 2004, when free large scale-up of ARV drugs was initiated in the country [22] . The aim of this study was thus to describe the effects of HIV infection on maternal health, birth outcomes and neonatal survival in southern Mozambique after a decade of ARVs rollout.
Materials and methods

Study population and setting
The study was conducted at the Centro de Investigação em Saúde de Manhiça (CISM) and the Manhiça District Hospital (MDH), located in a semi-rural area from southern Mozambique. Since 1996 the CISM conducts continuous demographic surveillance in the Manhiça district covering a population of 92000 inhabitants [23] . The voluntary counselling and testing (VCT) programme for prevention of MTCT of HIV was integrated into routine practice at the MDH antenatal clinic (ANC) in July 2003. The prevalence of HIV infection in pregnant women attending the ANC in 2010 was 29% [19] . Eligible study participants were pregnant women of all gravidities attending the study ANC for the first time with a gestational age 28 weeks (refer to S1 Text for further information). At the time of the study, prevention of MTCT (PMTCT) of HIV relied on antenatal administration of daily monotherapy with zidovudine (AZT) to the mother from 14 weeks of gestation, combined ARVs during labour and up to one week postpartum (single dose Nevirapine [sd-NVP] and daily AZT plus lamivudine [3TC]), together with the administration of daily NVP to the infant, from birth until one week after weaning. Antiretroviral therapy (ART) was recommended when CD4+T cell count decreased to levels <350 and/or when the woman was in 3 or 4 HIV/AIDS WHO clinical stage and ARVs were delivered to pregnant women at the monthly ANC clinic visits [24] .
Study design
This study is part of two concurrent randomized controlled trials (NCT00811421) that evaluated mefloquine for malaria prevention in HIV-uninfected and HIV-infected pregnant women. The two trials ran in parallel at the same ANC and maternity wards and were conducted by the same study personnel. Details of the trials design and procedures are given elsewhere [25, 26] . In brief, after giving informed consent, eligible pregnant women with a gestational age 28 weeks (assessed by bimanual palpation of fundal height measurement using a metric tape) and living in the CISM study area, were invited to participate (see S1 Text). The only different inclusion criterion to be enrolled into one or other trial was the HIV status. Enrolment of pregnant women was conducted from March 2010 to April 2012 and follow-up was completed in February 2013.
Ethical considerations
Study protocols and informed consent forms of the trials were reviewed and approved by the Ethics Committees from the Hospital Clínic of Barcelona (Spain) and the National Ethics Review Committee from Mozambique. The trials were conducted under the provisions of the Declaration of Helsinki and in accordance with Good Clinical Practices guidelines set up by the WHO and by the International Conference on Harmonization.
Follow up and sample collection
At first ANC visit, HIV serostatus, haemoglobin and the syphilis rapid plasma reagin test (RPR) were assessed on fingerprick collected capillary blood. All women received a long lasting insecticide treated net and antimalarials for prevention of malaria as part of trial's interventions (either IPTp-SP or IPTp-mefloquine those HIV-uninfected; either cotrimoxazole or cotrimoxazole plus IPTp-mefloquine those HIV-infected) [25, 26] . In HIV-infected pregnant women venous blood was taken for CD4+T cell count and viral load determination. Women were visited monthly at the ANC clinic and were encouraged to attend the study health facility whenever they had any health complaint. A health facility-based passive surveillance system was established to capture unscheduled visits of participants during follow-up. At delivery, a sample from the mother's peripheral blood was collected for haemoglobin, CD4+T cell count, HIV viral load and malaria infection evaluation; cord blood and placental samples were also taken. Twins were not excluded from the study. One month after the end of pregnancy, a capillary blood sample from the mother was collected for malaria parasite determination. Infants were weighed and measured at birth (including head circumference measurement) and followed until four weeks of age to assess survival and general morbidity. At this visit, they were weighed and measured, their nutritional status was assessed and a capillary blood sample was collected for HIV DNA PCR analysis to determine the proportion of MTCT of HIV.
Laboratory methods
HIV serostatus was assessed using rapid test (Determine, Abbot Laboratories, USA), and positive results confirmed using Unigold rapid test (TM HIV, Trinity Biotech, Ireland), following national guidelines at the first ANC visit. CD4+T cell count was determined by flow cytometry. HIV viral load was determined from plasma cryopreserved at -80˚C using the COBAS AMPLI-COR or AmpliPrep (Roche Diagnostics, Rotkreuz, Switzerland) devices; these assays have a lower detection limit ranging from 50 to 400 copies/mL. Haemoglobin levels were determined using mobile devices (HemoCue [www.eurotrol.com]) on capillary blood samples. Plasmodium falciparum (P. falciparum) parasites were identified by microscopy on Giemsa-stained blood films according to standard, quality-controlled procedures [27, 28] , [29] . Placental biopsies and impression smears were processed, stained and examined following standard procedures [30, 31] .
Data management, statistical methods and definitions
Data were double-entered using the OpenClinica Enterprise software for clinical data management (www.openclinica.com). Peripheral malaria infection was defined as the presence of asexual P. falciparum parasites of any density in a blood smear. Placental infection was defined as the presence of parasites and/or pigment detected by histological examination or impression smears [30] . Maternal anaemia was defined as an haemoglobin level < 11g/dL and severe anaemia as haemoglobin< 7 g/dL, while foetal anaemia was defined as a cord blood haemoglobin level <12.5 g/dl. A clinical malaria episode was defined as presence of P. falciparum parasites in a blood smear plus any sign or symptom suggestive of malaria including: current fever (axillary temperature ! 37.5˚C) or history of fever in the last 24 hours, and/or pallor, and/or arthromyalgias and/or headache, and/or history of convulsions [32] . Low birth weight (LBW) was defined by a weigh of less than 2500 grams at birth. Stillbirth was defined as a foetal death occurring after 20 complete weeks of gestation, and miscarriage as the termination of pregnancy and expulsion of an embryo or a foetus prior to 20 complete weeks of gestation. Neonatal death refers to the death of a live-born baby within the first 28 days of life. Quantitative variables were treated either as continuous or categorical. For instance, CD4+T cell count was categorized as 350 or > 350 cells/μl. Maternal viral load was analysed in the logarithmic scale using censored regression (Tobit regression) including as censored values those that were lower than 400 copies/mL [33, 34] . Z score was calculated for anthropometric index to assess nutrition in infants (weight for height), according to WHO standard definitions [35] .
Proportions for categorical variables were assessed using the chi-square test or Fisher's exact test where appropriate. The Student's t test was used to compare means and medians of continuous variables according to variable characteristics. Only records with information on outcome of interest were analysed. Incidences of all-cause hospital admissions and all-cause outpatient attendance during pregnancy were analysed using negative binomial regression. The incidence of clinical malaria episodes was compared between HIV-infected and uninfected women using a negative binomial regression allowing for interdependence between episodes within the same subject, excluding from the time at risk the 28 days after the end of treatment of a malaria episode. The proportion of women with adverse pregnancy outcomes was compared by HIV-status using a modified binomial regression [36] . These analyses were done unadjusted and adjusted by baseline significant variables (age, gestational age, gravidity, RPR, anaemia and literacy, study intervention) and clinically relevant factors depending on the outcome for control of confounding factors. Incidences of hospital admissions in the neonate were also analysed using negative binomial regression. All statistical tests were two-tailed and statistical significance was defined as p<0.05. Data analysis was performed using Stata version 13 (Stata Corp., College Station, TX, US).
Results
From the 4197 pregnant women screened for participation in the two trials, 64 (1.5%) refused to be enrolled in the studies (Fig 1) . A total of 1744 pregnant women participated in the two trials and contributed to this analysis; 32% of participants (n = 561) were HIV-infected. No consent withdrawals occurred during follow-up. A total of 1155 HIV-uninfected women (out of 1183) and 541 HIV-infected (out of 561) had information on pregnancy outcome. These figures represent an overall loss to follow up frequency of 2.8% during pregnancy.
Characteristics at first antenatal care visit
Comparison of baseline characteristics of pregnant women by HIV status is summarized in Table 1 . On average, HIV-infected women were older than those HIV-uninfected (mean age of 27.0 and 23.5 years respectively, p<0.001). Mean gestational age was lower (20.2 weeks) in HIV-infected than HIV-uninfected (21.0 weeks) women (p<0.001). In addition, the proportion of multigravida women (88.2% versus 63.9%), the prevalence of maternal anaemia (71.5% versus 54.8%) and severe anaemia (4.1% versus 1.8%) were significantly higher in HIV-infected than in HIV-uninfected women (p<0.001, Table 1 ). No differences were found in the proportion of malnourished women between the two groups ( Table 1 ). The prevalence of syphilis was higher in HIV-infected women (6.6%) than in HIV-uninfected women (1.8%, p<0.001).
Twenty four per cent of HIV-infected pregnant women reported ARV drug use at first ANC visit, either as therapy or PMTCT in the current pregnancy (Table 2) .
Maternal morbidity and pregnancy outcomes
No differences were found between groups in the incidences of clinical malaria and all-cause outpatient attendance during pregnancy (Table 3 ). In contrast, the incidence of all-cause and non-obstetric hospital admissions was twice as high in HIV-infected compared to HIV-uninfected women ( Table 3) .
The proportion of women with anaemia and severe anaemia at delivery was also higher in HIV-infected (49.4% and 4.1%, p<0.001, respectively) than in those HIV-uninfected (40.6% and 1.8%, p = 0.004, respectively; Table 4 ). On the other hand, no differences were found in the prevalence of peripheral P. falciparum parasitemia at delivery and placental malaria between the two groups ( Table 4 ). The proportion of miscarriages was higher in HIV-infected women (2.2%) than in those HIV-uninfected (1.7%), but this difference was not statistically significant (p = 0.492). There were significantly more stillbirths in HIV-infected women (5%) than in HIV-uninfected women (2.6%, p = 0. No differences were found in the proportion of maternal deaths between the two groups (Table 4) .
Among HIV-infected women, a significant decrease in mean CD4+ T cells count (from 466.4 to 431.3 cells/μL, p = 0.013), and a significant increase in the proportion of women with undetectable HIV viral load (from 14.1 to 25.3%, p<0.001) was observed at delivery compared with baseline figures (Table 2) . At the end of pregnancy, 21% of the women reported being on ART, 70% had received ARV drugs for PMTCT of HIV and 9% reported no ARV intake at all.
Foetal and infant's outcomes
Foetal anaemia was higher among infants born to HIV-infected (10.6%) than in those born to HIV-uninfected mothers (7.3%, p = 0.022). No differences were found in the proportion of cord blood parasitaemia, prematurity, mean birth weight, small for gestational age and other anthropometrical measures such as birth length and head circumference (Table 5 ). At one month of age (median visit age of 32 days), the proportion of infants with severely acute malnutrition was higher in those born to HIV-infected mothers (2.8%) than in infants born to HIV-uninfected women (1.3%) but the difference was not statistically significant (p = 0.064, Table 5 ). No significant differences were found in number of neonatal hospital admissions and Adjusted analysis by baseline variables (age, literacy, gravidity, RPR and anaemia) and study intervention c Adjusted analysis by low birth weight; N = number of episodes; PYAR: person/year at risk; p-value from negative binomial regression model using Wald test. A clinical malaria episode was defined as presence of P. falciparum parasites in a blood smear plus any sign or symptom suggestive of malaria including: current fever (axillary temperature ! 37.5˚C) or history of fever in the last 24 hours, and/or pallor, and/or arthromyalgias and/or headache, and/or history of convulsions.
https://doi.org/10.1371/journal.pone.0178134.t003 neonatal deaths by HIV status of the mother (Tables 3 and 5 ). Among infants born to HIVinfected mothers, a total of 443 infants out of 500 live births (88.6%) had a HIV DNA PCR test done at four weeks of age (median 32 days). Forty one of them had a positive result, with a proportion of MTCT of HIV of 9.3%.
Discussion
This prospective study of two cohorts of HIV-uninfected and HIV-infected pregnant women has shown that HIV infection continues to have a detrimental impact on maternal health and birth outcomes, contributing significantly to hospital admissions during pregnancy and to the burden of stillbirths. These effects of maternal HIV infection on maternal and neonatal health were observed despite the fact that ARV drugs have been roll-out in Mozambique for almost a decade. The findings confirm that anaemia,-including severe-, which constitutes an important cause of maternal and foetal morbidity, is more common in HIV-infected than in HIV- uninfected women. Similarly, maternal HIV infection had deleterious effects on the neonate's health with an increased risk of foetal anaemia. The majority of HIV-infected women were anaemic at ANC booking (71.5%) and nearly half of them were still anaemic at delivery (49.4%). These figures and those of the prevalence of severe anaemia are comparable to those reported in similar settings ranging from 50% to 83% [38] [39] [40] , [13, 41, 42] . Altogether, these findings indicate that HIV infection is a significant risk factor for maternal anaemia, which in turn affects negatively maternal and infant morbidity [13, 40, 43] . Moreover, anaemia in pregnancy has been associated with HIV infection progression and with adverse maternal and foetal outcomes [13, 39, 44] . The decrease in the proportion of women with anaemia from the first ANC visit to delivery in the two groups, may be explained by ferrous sulphate and folic acid supplementation provided free of charge at the monthly ANC visits in Mozambique [45] . Importantly, foetal anaemia was significantly higher in infants born to HIV-infected mothers. This finding supports the evidence indicating the association between maternal and foetal anaemia [46, 47] . Severe foetal anaemia has been associated with an increased risk of neonatal death [48] . These results indicate the urgent need to prevent and treat anaemia as early as possible in pregnancy with a special emphasis in HIVinfected women [45, 49] .
The observed increased risk of stillbirths in HIV-infected women is consistent with previous studies [10, 11, 15] . In addition, although not statistically significant, we also found that Early neonatal deaths refers to a death of a live-born baby within the first seven days of life 4 Neonatal deaths refers to a death of a live-born baby within the first 28 days of life 5 Median age at the time of the visit was 32 days 6 Severe acute malnutrition was defined as a weight for height (WAH) Z-score lower than -3 SD.
https://doi.org/10.1371/journal.pone.0178134.t005
HIV-infected women had more miscarriages than HIV-uninfected women [11, 50] . These results support the hypotheses suggesting that HIV infection constitutes either a direct cause or a marker of a complex interaction of related medical and social conditions that affect pregnancy [50, 51] . On the other hand, we found no effect of maternal HIV infection on birth weight, in contrast with previous studies from this same study area and from other southern African countries [9-11, 13, 52, 53] . Low birth weight is due to multifactorial factors that include socio-demographic and medical variables such as, constitutional factors, maternal age, gravidity, nutritional status, obstetric history, medical risks and antenatal care [54, 55] . Besides, no association was found between maternal HIV infection and prematurity, in agreement with previous studies conducted in Kenya and Tanzania [9, 53] . Due to their immunosuppressed status HIV-infected individuals are particularly vulnerable to infections [56] . Early studies showed that bacterial pneumonia, urinary tract infections and other infections are more common during pregnancy in HIV-infected women [51] . The findings of this prospective cohort study confirm previous observations indicating that HIVinfected pregnant women present an increased morbidity during pregnancy [2, 11, 32, 57] . Of notice is that the majority of the previous studies were conducted before the roll-out of antiretrovirals. In contrast, in the current study, over 90% of the HIV-infected women reported having received ARV drugs during this pregnancy (either as ART or PMTCT). However, despite a considerable proportion of women receiving ARV drugs, overall, the incidence of maternal morbidity was high among HIV-infected women. Overall, viral load decreased over the course of pregnancy which can be explained by the increase in the number of women on ARV drugs. The average level of CD4+ T cell counts also tended to decreased during pregnancy which can be related with the increased morbidity observed in the HIV-infected cohort. Overall, these findings call for the development of strategies that ensure adequate and high-quality ANC services to improve maternal health in this vulnerable group of pregnant women. For instance, the antenatal care package of HIV-infected women could include specific monitoring and preventive interventions to promptly detect possible causes of stillbirths and medical conditions that impair maternal morbidity.
Pregnant women have an increased susceptibility to malaria infection, which contributes to the morbidity of HIV-infected pregnant women living in endemic areas such as Malawi and Kenya [58, 59] . Nevertheless, in this study no differences were observed in the incidence of clinical malaria in pregnancy and in the prevalence of peripheral parasitemia at delivery between HIV-infected and uninfected women, in contrast with previous studies conducted in the same study area, Zimbabwe and Kenya [58, 60, 61] . This may be because all study women received effective malaria preventive tools (insecticide treated nets and IPTp) as part of the trial's intervention, which may have resulted in a reduced exposure to the parasite reflected by the low prevalence of parasitaemia at delivery and placental infection [25, 26] . Notably, even if HIV-infected and uninfected women received different malaria prevention interventions.
Maternal HIV infection has been reported to be a risk factor for both maternal and infant mortality previously [2, 12, [62] [63] [64] . Although the small number of cases precluded reaching statistical significance, in this study there was also a trend towards increased proportion of both maternal and neonatal deaths among HIV-infected women.
The proportion of MTCT of HIV at four weeks of age was 9.3% and similar to that reported in another study conducted in this area a year earlier [52] . This proportion of MTCT reflects a slight decrease from the 12.4% figure reported in 2003-2006 [65] . Although small, this reduction in MTCT of HIV may be explained by the change in PMTCT guidelines in the last years in Mozambique from the administration of sd-NVP to the mother at the onset of labour and to the newborn within 72 hours of life in 2003, to AZT from 14 weeks of gestation in the current study; this led to the majority of HIV-infected women reporting at the time of delivery having received ARV drugs during this pregnancy. From 2013, guidelines to prevent MTCT of HIV in the country followed the latest WHO recommendation of providing life-long ARVs to pregnant women regardless of their immunological status (option B+) and are likely to reduce further MTCT rates [66] .
Of notice, all study women were participating in a clinical trial and consequently they were under a close medical follow up which could constitute a study limitation. This could have underestimated the effect of maternal HIV infection on birth outcomes and infant's health. However, over 1700 pregnant women contributed to this study and allowed us to perform robust analyses on the association between HIV infection and maternal and birth outcomes.
Another important limitation is that only self-reported information about ARV's adherence was available in the study. Importantly, it has been shown that there is a low agreement between self-report and actual presence of antimalarial drugs in pregnant women from Uganda [67] . The use of self-reported information regarding adherence to treatment constitutes thus a limitation. Finally, the results presented in this work are part of a secondary analysis of data collected within the frame of two clinical trials which were designed to evaluate the efficacy of mefloquine for IPTp. Consequently, authors could not anticipate for collection of information about confounding factors (such as smoking and alcohol use among study participants) at the design level of the study for the analysis of maternal HIV infection impact on pregnancy and neonatal outcomes. This could also constitute a study limitation, however the aforementioned confounding factors are very rare in the study population and we do think they are affecting our results.
Conclusions
We have documented that despite the introduction of antiretroviral drugs in the last decade in Mozambique, HIV infection continues to exact a major toll on maternal and infant's health with a two-fold increased risk of maternal hospital admission and stillbirths in this area of the country. With the recently released WHO guidelines recommending ART initiation regardless of CD4+T cell counts to all HIV-infected individuals, it is expected that the number of people living with the infection will increase worldwide by improving their survival [68] . The amount of HIV-infected women of reproductive age in need of ART is also likely to increase, particularly in SSA, where the burden of disease concentrates and where resources are often scarce. Public health efforts should urgently be made to identify the barriers that are impeding improvements in the devastating effects of HIV in African women and their infants. Moreover, strategies aiming at increasing ART coverage and adherence during pregnancy and infancy should be prioritized in the global health agenda. Finally, monitoring the effects of HIV infection on both maternal and infant's health should continue and be strengthen in order to evaluate and tailor the implemented preventive and therapeutic strategies. 
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